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Abstract The concepts behind the technology of genetic
modification of organisms and its applications are complex.
A diverse range of opinions, public concern and consid-
erable media interest accompanies the subject. This study
explores the knowledge and attitudes of science teachers
and senior secondary biology students about the applica-
tion of a rapidly expanding technology, genetic engineer-
ing, to food production. The results indicated significant
difference in understanding of concepts related with
genetically engineered food stuffs between teachers and
students. The most common ideas about genetically mod-
ified food were that cross bred plants and genetically
modified plants are not same, GM organisms are produced
by inserting a foreign gene into a plant or animal and are
high yielding. More teachers thought that genetically
engineered food stuffs were unsafe for the environment.
Both teachers and students showed number of miscon-
ceptions, for example, the pesticidal proteins produced by
GM organisms have indirect effects through bioaccumu-
lation, induces production of allergic proteins, genetic
engineering is production of new genes, GM plants are
leaky sieves and that transgenes are more likely to intro-
gress into wild species than mutated species. In general,
more students saw benefits while teachers were cautious
about the advantages of genetically engineered food stuffs.

Keywords Genetic engineering - Herbicide resistant -
Biodiversity - Invasive species - Transgenes -
Bioaccumulation and allergic proteins

A. K. Mohapatra (<)) - D. Priyadarshini - A. Biswas
Regional Institute of Education (NCERT), Bhubaneswar,
Orissa 751022, India

e-mail: akmncert@ gmail.com

Introduction

There is little doubt that history will record, as a major
feature of the beginning years of this century, the devel-
opment and application of ‘new biology’. Just as the 1940s
and 1950s were seen as the dawn of the nuclear age; 1960s,
1970 and 1980s as the dawn of the molecular genetics, so
the late 1990s and early 2000s will be viewed as the time
when new biotechnology was applied in variety of ways;
the use of genetically modified organisms for drug syn-
thesis, gene therapy and the production of genetically
engineered food stuffs.

Biotechnology and in particular genetic engineering is
poised to become one of the most important scientific
revolutions of the twenty first century. Sequencing of
genomes will become commonplace and the implications
of this science and its resultant technologies will dramati-
cally alter the way we fight diseases, grow crops and feed
our population (Kirkpatrick et al. 2002).

Many science education researchers advocate that bio-
technology instruction raises important political, economic,
ethical and educational questions. Members of society must
receive an effective education in order to appreciate these
questions and their answers (Bird Stewart 1987; Stewart
and Van Kirk 1990; Garton 1992; Lewis and Wood-
Robinson 2000 and Marbach-Ad 2001). There have been a
number of investigations of public attitudes to biotech-
nology in agriculture or food (Hoban and Kendall 1992;
Marlier 1992; Macer 1994; Zechendedorf 1994; Hallman
1996 and Hoban 1997).These researchers have mapped
consumer acceptance of biotechnology products. In gen-
eral, attitudes to biotechnology depend upon the type of
organism involved. Micro-organism and plant applications
are well accepted. Animal applications are less well
accepted with only certain applications, such as the
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production of medicines and the development of resistance
to disease considered being very acceptable.

Research has shown that high school students typically
lack a coherent view of some genetic concepts and their
relationships when studying science (Lewis and Wood-
Robinson 2000). In the absence of education on biotech-
nology subject matter, public unease has increased
concurrently with the production and marketing of genet-
ically modified foods (Marchant and Marchant 1999). The
GMF controversy generates a great deal of media attention,
and has direct relevance to the daily lives of students and
teachers because we are all eating GMF. The GMF con-
troversy involves a complex set of tradeoffs, because it is
difficult to predict, the long-term impact of GMF, and
because different genetically modified crops have different
risks and benefits. Not including the ethical question, there
are three main themes of tradeoffs in the controversy:

e Human Health: Genetic engineering of food has been
touted as a way of growing enough food for an
increasing world population, and improving the nutri-
ents intake of population at risk for deficiencies—as in
case of golden rice, which contains a precursor to
vitamin-A (Ye et al. 2000). Genetic engineering also
has the power to remove allergens in food, and while
research shows that this is feasible (Tada et al. 1996)
critics contend that genetic engineering, by allowing us
to introduce from completely unrelated species, could
result in the introduction of novel allergens into the
human food chain (Holdredge and Talbott 2001).

e The Environment: Proponents of genetic engineering
believe that crops engineered to express their own
pesticides could reduce the use of chemical on crops
(Thayer 1999). Others are concerned that these crops
may increase insecticide resistance in insect pests, lead
to herbicide resistance in weeds, and many harm
beneficial insects such as Monarch Butterflies (Losey
et al. 1999; Wolfenbarger and Phifer 2000).

e FEconomics: Disease resistant crops could benefit
farmers; for example, a genetically modified disease-
resistant papaya variety is credited with saving the
livelihood of Hawaiian papaya farmers whose crops
were being destroyed by a virus (Yoon 1999). On the
other hand, opponents point to increasing difficulties
exporting GMF to certain countries, and to the risks of
corporate control of agriculture.

There has been little research concerning senior sec-
ondary students’ attitude and knowledge towards biotech-
nology. A survey by Lock and Miles (1993) asserts that
knowledge of biotechnology among high school students is
slight and reveals similarity between their responses and
those of the general public. Garton (1992) asserts that
students who develop an adequate understanding of the
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concepts and processes involved in genetic engineering
will be better able to understand subjects discussed in the
media and be better prepared to participate in major deci-
sions. Fisher (1992) and Kindfield (1992) believe it is
important for teachers to emphasise the connection
between genetics, biotechnology and everyday life in order
for pupils to be able to deal with any ethical problems that
may arise later in life. The present study used a question-
naire approach to examine the predominance of various
ideas about the possible advantages and dangers of genet-
ically engineered food stuffs. The respondents were science
teachers as they prepare our students for technological
citizenship and senior secondary students because they
represent the upcoming generation of voting citizens and
purchasers.

Procedures

The present study aims to investigate the level of knowl-
edge and attitude towards genetically modified food and
the ideas about the risks and advantages related to it of the
science teachers and senior secondary biology students.
Randomly schools were identified in different cities of
Rajasthan, UP, Punjab, Himachal Pradesh and Jammu and
Kashmir. A questionnaire containing forty-one questions
was designed having three sections. The sections A and B
of the questionnaire are closed type. The section A con-
tained fifteen questions in the form of statements, all of
which are knowledge based. The section B contained
twenty questions related with advantages and risks of the
GMF of which thirteen were scientifically acceptable and
seven were scientifically unorthodox statements inter-
spersed at random. The section C of the questionnaire was
open-ended type containing six questions dealing with the
general feelings, perception about own level of knowledge
and source of knowledge.

The questions of sections A and B comprised state-
ments to which the teachers and students were offered
three responses, ‘I agree’, ‘I don’t know’ and ‘I don’t
agree’. The respondents were asked to respond by ticking
the appropriate box of their choice. The questionnaire was
found to be satisfactory in that neither the teachers nor
students indicated difficulty in answering the questionnaire
items.

Questionnaires were completed under examination
conditions, although no time limit was imposed. Respon-
dents and institutions were assured of anonymity. The
questionnaire was completed by 198 science teachers and
592 senior secondary biology students of class XII. Com-
parisons of the responses by teachers and students to dif-
ferent questions were made by Chi-square analysis using
three categories (‘affirm’, ‘neither’ and ‘reject’).



J Sci Educ Technol (2010) 19:489-497

491

Results

Responses of Teachers and Students to the Knowledge
Based Statements About GM Food

The percentage of teachers and students giving different
responses to the knowledge based questionnaire items of
section-A are plotted graphically in Figs. 1 and 2. About
three-forth teachers (77.3%) and seven-tenth (69.8%)
students did not agree that cross bred plants and geneti-
cally modified crops are the same. The results showed a
significant difference between teachers and students in
disapproving the statement (p < 0.01). Majority of
teachers and students (94% T and 83.9% S, p < 0.05)
have well understood the process of GM food production
i.e. it is produced by the insertion of a foreign gene (s)
into a plant or an animal to introduce a new characteristic
or to alter the existing trait. About three-fifth of the
teachers (60.7%) and a little more than half of the students
(55.2%) believed that introduction of GM plants involve
risk to the environment. At the same time there was a
significant difference between teachers and students in
affirming that GM food can be fatal to human (42% T and
45.8% S, p <0.01). More students agreed that using
biotechnology on cattle to make meat more nutritious
should be banned (40% T and 57.8% S, p < 0.01). More
than half of the teachers and students (56.7% T and 55.7%
S) preferred GM tomato than kitchen garden grown
tomato. Majority of teachers and less than three-fourth of
the students expressed that GM food can save us from
scarcity of food (84.7% T and 72.9% S, p < 0.01) and

affirmed that GM crops are beneficial to farmers (80.7% T
and 83.9% S).

In accepting the GM crops, containing genes of animal
origin showed significant difference between teachers and
students (p < 0.01). More than half of the teachers (54.7%)
and more than three-fifth of the students (64.6%) rejected
the consumption of GM crops containing genes of animal
origin being vegetarians. Interestingly, nearly three-fifth of
the teachers and students (58.0% T and 58.3% S) expressed
that taste of food can be improved through biotechnology.
About two-fifth of teachers and students (42.0% T and
39.1% S, p < 0.01) erroneously linked consumption of GM
food with improvement of health. More teachers than the
students agreed that GM food is imposing the risk of cor-
porate control of agriculture (60.7% T and 46.9% S,
p < 0.01). Surprisingly, the results showed confusion about
GM crops among teachers and students. More than half of
the teachers (56.0%) accepted that production of GM crops
is not a threat to biodiversity while only less than one-third
of the students (30.2%) agreed to it showing significant
difference (p < 0.01). Majority of the teachers and more
than three-fifth of the students agreed that genetic engi-
neering should be used for production of better food
(79.3% T and 66.1% S, p < 0.05) but rejected out rightly
the use of human genes for it (65.3% T and 67.7% S).

Responses of Teachers and Students to the Risks
and Advantages Based Statements About GM Food

The responses of teachers and students to the scientifi-
cally true statements on risks and advantages of GM food
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of section B of the questionnaire are plotted graphically in
Figs. 3 and 4 and of non-scientific statements in Figs. 5.
About three-fifth of the teachers and students (61.3% T
and 58.3% S) were not aware of the fact that genetic
modification of crops enhances an organism’s ability to
become an invasive species. Similarly, very less percentage
of the teachers and students (21.3% T and 15.6% S) knew
that plants engineered to produce proteins with pesticidal
properties can affect non-target species. There was a
remarkable significant difference between teachers and

@ Springer

‘II agree [OI don't know [JI don't agree‘

students in affirming that genetically engineered crops
deteriorate the soil fertility (49.3% T and 28.6% S,
p < 0.01) and vaccines and medicines developed through
genetic engineering involve risk to human health (64.0% T
and 49.5% S, p < 0.05). Very few teachers and students
(13.3% T and 10.4% S) had clear idea that genetically
engineered crops released into environment will interact
with diversity of habitat. There was little support in favour
of research in developing medicines and vaccines through
genetic engineering (14.0% T and 21.9% S, p < 0.01).
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Though there was no significant difference observed in
affirming that transgenic viral resistant plants can lead to
new viral diseases but more students (34.4%) than teachers
(28.7%) agreed to it.

The results showed that ironically only few of our
teachers and students have clear knowledge about the
statements, pesticidal proteins produced by genetically
engineered organisms have indirect effects through bioac-
cumulation (9.3% T and 12.5% S), sexual crossing of
genetically modified crops with an existent weed species

[H! agree @I don't know [JI don't agree]

can lead to the creation of more herbicide or disease
resistant super-weeds (18.0% T and 18.8% S) and geneti-
cally modified food can lead to the production of toxic or
allergic proteins (27.3% T and 22.9% S). However, about a
little more than half of the teachers and students (52.0% T
and 54.2% S) knew that the transgene takes on the nature
of the organism to which it had been transferred and no
longer retains any characteristics of donor species. Around
one-third of the teachers (32.7%) and only one-fifth of the
students (20.3%) agreed that farmers would be dependent
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on agricultural biotechnology companies for seeds of GM
crops which would lead to less control of crop production
(»p < 0.05%). The risk in GM food is related with the
nature of the introduced genes and their products rather
than the method used to improve the variety was under-
stood only by one-fifth of the teachers and students (23.3%
T and 24.0% S). Majority of teachers and students (68.7%
T and 69.8% S) rightly rejected that if animal genes are
inserted into plants, the plants would develop animal
characteristics. However, many misconceptions are pre-
vailing in the mind of teachers and students that genetic
engineering is production of new genes (54.4% T and
60.4% S), that genetically engineered seeds can be saved to
sow in the next season (66.7% T and 64.1% S), that all
genetically modified plants are inherently leaky sieves
(28% T and 35.9% S) that transgenes (genetically engi-
neered genes) are more likely to introgress (enter) into wild
species than mutated species (40.7% T and 38% S,
p < 0.01) and that creation of super-weeds is exclusively
related to genetically modified plants (43.3%T and
55.2%S, p < 0.01). Rather surprisingly, majority of
teachers and students disapproved the statement that in
genetic engineering genes are transferred from one tissue to
another in the same organisms (77.3% T and 60.4% S,
p < 0.01).

Responses of Teachers and Students to the Open Ended
Questions

Only 47% of the teachers correctly stated that the insertion
of a gene(s) into a plant/animal to introduce a new char-
acteristic or to alter an existing trait results in production of
genetically modified crop/food while only 11% of the
students could do that. Regarding consumption of GM food
in our daily life, very few teachers could mention few
names like tomato and rice while tomato is known to few
students only. 84% of the teachers had no hesitation in
eating bread made with yeast that has been genetically
engineered in comparison to 63% of students. Majority of
the teachers and students (88.5% T and 83.7% S) gave
positive response when they were asked that should genetic
engineering be used in production of food but at the same
time many teachers expressed that the donor gene should
be of a plant. Almost all students preferred GM food to be
used to meet the requirements of the growing population
while there was mixed response from teachers for organic,
conventional and GM food for the same.

Discussion

While genetically modified foods remain a major source of
controversy in many countries around the world, food
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containing GM components are virtually everywhere.
Several studies have elicited consumer stated preferences
towards genetically modified foods in various countries
around the world. Customarily, consumer stated prefer-
ences have been viewed as adequate proxies of potential
response towards such products. Very few studies have
been carried out to explore the knowledge and attitude of
teachers and students on genetically modified foods. The
findings presented in this study indicate that many concepts
related with genetically modified food are not well under-
stood neither by many of the teachers nor by the majority
of students. Despite this, majority of the respondents
(teachers and students) have well understood that genetic
modification of an organism can be done by inserting a
foreign gene into a pant or animal to introduce a new
characteristic or to alter the existing trait and cross bred
plants and genetically modified crops are not the same. The
advantages of genetic engineering of both plants and ani-
mals most commonly affirmed by both teachers and stu-
dents were improved storage properties and improved
growth, although fewer students thought that these qualities
were true of plant products. Rather few respondents
thought that genetically engineered food would taste better
or be cheaper than other foods, although many of the stu-
dents in comparison to teachers gave neutral responses to
statements about these issues, perhaps because they have
no direct experience of such products. Similarly, not many
teachers and students thought that food stuffs produced by
genetic engineering would be healthier to eat, although less
than half of the respondents saw such food as unsafe and
can be fatal to humans. Similar findings have been reported
by Hill et al. (1998), Dawson (2007), Seethaler and Linn
(2004) and Saher et al. (2006) while studying the ideas of
students about genetically engineered food-stuffs and bio-
technology processes.

Majority of the respondents have affirmed that GM
crops are high yielding, can save us from scarcity of food
and are beneficial to farmers, but only about one half of the
teachers and students expressed their preference for GM
tomato over kitchen garden grown tomato. More teachers
invoked religious argument in their thinking, suggesting
that use of genetic engineering on cattle to make meat more
nutritious should be banned. Surprisingly, they have no
hesitation in taking GM food containing genes of animal
origin but not human genes. About three-fifth of the
teachers and students saw genetic engineering of organisms
would cause risk to the environment but at the same time
more than half of the teachers contradicted by affirming
that GM organisms are not a threat to biodiversity and
again majority of the respondents suggesting promotion of
manipulation of genes for the production of better food.
This results show clear-cut misconceptions prevailing in
the mind of teachers and students about GM food. Most of
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the studies in GM awareness and acceptance have focused
on adult consumers despite youth comprising a significant
consumer segment. Various studies have shown limited
understanding of genetic engineering technique involved in
the production of GM food (Sanbonmatsu and Fazio 1990;
Falk et al. 2002; Fritz et al. 2002; Magnusson and Hursti
2002; Quan et al. 2002; Kalaitzandonakes et al. 2005).

Approximately, only two-fifth of the teachers and stu-
dents realized that genetic modification of crops enhances
an organism’s ability to become an invasive species.
However, many teachers and students were not aware of
the fact that plants engineered to produce proteins with
pesticidal properties can affect non-target species; that
genetically engineered crops released into environment
would interact with diversity of habitats; that it would
deteriorate the soil fertility and affects ecosystem and that
transgenic viral resistant plants can lead to new viral dis-
eases. Hill et al. (1998) revealed that majority of British
students accepted the idea that food stuffs produce by
genetic engineering is safe for human health and thought
that genetically engineered products should be labeled for
product information. Different trends have been observed
among the respondents of the present study. The results
revealed that nearly three-fifth of the teachers and half of
the students thought that vaccines and medicine developed
through genetic engineering are unsafe for human health
and research for developing these should not be supported.
A number of misconceptions pertaining to effects of
genetically engineered crops are prevailing in the mind of
teachers as well as students. Majority of the respondents
were not aware of the facts that pesticidal proteins pro-
duced by GM organism have indirect effects through bio-
accumulation; that sexual crossing of GM crops with an
existent weed species can lead to the generation of super
weeds; that GM food can lead to production of toxic or
allergic proteins and that risk in GM food is related with
the nature of the introduced genes and their products rather
than the method used to improve the variety.

The data of the present study clearly showed that a good
number of teachers and students had very poor understanding
of the technique involved in genetic engineering. This is well
supported by the fact that many teachers and students
thought that when animal genes are inserted into plants, they
develop animal characteristics; that genetic engineering is
production of new genes; and in genetic engineering genes
are transferred from one tissue to another in the same
organism. In contrast, many of the respondents gave neutral
responses to the statements about leaky sieves nature of GM
plants and introgression of transgenes.

The results of this study revealed the views of science
teachers and senior secondary biology students about the
application of a rapidly expanding technology, genetic
engineering, to one particular purpose, food production.

Despite the high coverage of the issues surrounding the
new biotechnologies in the popular media there is evidence
that the knowledge base of the teachers and the students
about genetic engineering remains somewhat insecure
(Marlier 1992; Frewer et al. 1994 and Hill et al. 1998). The
investigators think that in order to improve the students’
knowledge, the teachers need to be equipped with appro-
priate knowledge and skills so that students would be able
to make informed decision about the use of biotechnology
and its products. Of course, we do not argue that science
knowledge alone is sufficient; rather, we argue that
knowledge provides a fundamental basis for informed
decision making. There is evidence that explicitly intro-
ducing students to these topics will improve understanding
and reduce uncertainty (Dawson and Schibeci 2003). For
example, Lock et al. (1995) found that after 16 year old
students in the UK were taught about biotechnology and
genetic engineering (by trained teachers) their knowledge
increased, attitude became more favourable and there was
less uncertainty about their views. We would also argue
that students need to be taught and explicit decision making
skills if they are to make informed choices about genetic
engineering (Dawson and Taylor 2000).

The application of genetic engineering in general could
be considered as either personal or public (Dreyfus and
Roth 1986; Hill et al. 1998). ‘Personal’ applications would
be those in which only the individuals who make the
decision are materially affected; gene therapy for diseases
such as cystic fibrosis, or techniques for assisted pregnancy
provide examples. ‘Public’ applications could be those
which may have an effect on the environment or on the
general public, without their consent or perhaps even
knowledge. The release of genetically engineered organ-
isms into the environment is an example; interestingly
genetic engineering of food stuffs has elements of both the
‘personal’ and ‘public’ domains. On a ‘personal’ level,
genetically engineered specific food items such as ‘Flavr
Savr’ tomatoes are becoming more available. Here, pro-
vided items are labeled, individuals can choose whether or
not to buy and consume such foods. The prevalent opinion
that such decisions should be based on informed choices.
On the other hand, genetically engineered food components
such as Ciba Geigy’s genetically engineered maize and
soya are becoming widely used in a variety of foods.
Furthermore, in the future it is likely that those items which
are genetically engineered will be those which are most
commonly used, so that returns on development investment
can be maximized. Here, labeling becomes a problem,
especially when primary suppliers provide a mixture of
genetically engineered and non-engineered products. In
this case, genetically engineered food stuffs become an
example of the ‘public’ use of the technology because
consumers may not be aware that food products contain
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components derived from genetically engineered organ-
isms. A further aspect in the same, ‘public’ arena is
encapsulated in the question of whether genetically engi-
neered crops and animals present a risk to the environment
(Williamson 1996). This idea that genetically engineered
organisms were an environmental threat was not held by
many British students (Hill et al. 1998). In the present
study, it was observed that many teachers and students
strongly affirmed this view; they thought environmental
damage by such organisms might be initially undetectable
and ultimately irrevocable. In contrast, the ideas that
genetically engineered crops released into environment
will interact with diversity of habitat, deteriorate the soil
fertility and affect the ecosystem, were not held by many of
the teachers and students. This clearly reflects the poor
understanding and the degree of confusion in the mind of
students about genetic engineering.

Two other main themes emerged from the present
results. Firstly, fewer students saw benefits, and more
students saw disadvantages of genetically engineered ani-
mals than of vegetables while half of the teachers favoured
both. Parallel findings have been revealed in older
respondents who had more concern about application of
genetic engineering to animals than to plants (Frewer et al.
1997). Secondly, teachers tended to be more cautious about
the advantages and more aware of possible disadvantages
of genetically engineered food stuffs than students.

Conclusion

The results of the present study demonstrate that areas of
insecure knowledge are present in many of the teachers and
students. If we are to take seriously the proposition that the
science curriculum must prepare future citizens (Solomon
and Thomas 1990; Millar 1996; Jenkins 1999; Popli 1999)
then some of the key science developments which feature
regularly in the media should be included, modern bio-
technology among them. Of course, we cannot expect
science teachers to change the curriculum to accommodate
these changes without support. Not all science teachers will
have an understanding of modern biotechnology. More
importantly, they may not feel comfortable dealing with
science knowledge that has a controversial aspect. Clearly,
professional development for science teachers is important
here. The investigator feels that it is necessary to conduct
training programmes effectively for science teachers not
only to expose but also to understand the concepts/tech-
niques of more rapidly expanding area of biology i.e.
biotechnology.
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